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A B S T R A C T
Purpose: To assess the relationship between the presence of pets in homes of epilepsy patients and the
occurrence of sudden unexpected death in epilepsy (SUDEP).
Methods: Parents or relatives of SUDEP patients collected over a ten-year period (2000–2009) in a large
epilepsy unit were asked if the patient lived together with any domestic pet at the time of death or not.
Patients who did not experience SUDEP served as controls.
Results and conclusions: Eleven out of the 1092 included patients (1%) experienced SUDEP, all with
refractory symptomatic epilepsy, but none of them had pets in their homes at the time of death. In
contrast, the frequency of pet-ownership in the control group (n = 1081) was 61%. According to previous
studies there are some indications that human health is directly related to companionship with animals
in a way that domestic animals prevent illness and facilitate recovery of patients. Companion animals can
buffer reactivity against acute stress, diminish stress perception and improve physical health. These
factors may reduce cardiac arrhythmias and seizure frequency, factors related to SUDEP. Companion
animals may have a positive effect on well-being, thus improving epilepsy outcome.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Sudden unexpected death in epilepsy (SUDEP) is one of the
most important epilepsy-related modes of death in patients with
long-standing uncontrolled epilepsy. The pathomechanism of
SUDEP is unknown. Probable predisposing factors for SUDEP are
long-standing epilepsy, the genetic background, antiepileptic
drugs, cold temperatures, or unknown factors that transform a
seizure into a fatal event, like lack of supervision.7,10 Strategies to
prevent SUDEP comprise pharmacological measures, surgery,
cardiac and respiratory interventions but their beneﬁt has not
been established yet.10
There are indications that epilepsy patients who live together
with a dog have a better quality of life, lower seizure frequency,
and a better global outcome than epilepsy patients without pets.4,9
In the light of the uncertainties about the pathogenesis and risk
factors for SUDEP, it would be interesting to know if patients with
epilepsy who live together with dogs develop SUDEP less* Corresponding author at: Postfach 20, 1180 Vienna, Austria.
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study was to assess the relationship between the presence of pets
in homes of epilepsy patients and the occurrence of SUDEP in
children and adolescents with epilepsy in a large epilepsy unit over
a 10-year period.
2. Methods
To examine the potentially beneﬁcial role of pets for the
occurrence of SUDEP we reviewed children and adolescents with
SUDEP of our epilepsy unit over a 10-year period (2000–2009). A
conversational interview with parents or relatives of SUDEP
patients was carried out in July 2009 to investigate if the patient
lived together with any domestic pet (such as dogs, cats, and birds)
at the time of death or not. The 1081 patients who did not
experience SUDEP served as a control group.
Included were all epilepsy patients, aged zero to 18 years, of
the Clinical Hospital of Ribeira˜o Preto who died from SUDEP
between January 2000 and June 2009. The Ribeira˜o Preto
epilepsy center is a tertiary referral center in Brazil that
provides services for pediatric patients from all over the
country. The history of 1092 patients was retrospectively
reviewed for the occurrence or absence of SUDEP. For thevier Ltd. All rights reserved.
Table 1
Demographic data from patients who died of SUDEP.
Patient Sex Age at onset
of epilepsy







1 F 1 Demyelination Unspeciﬁc
ﬁndings
FSE 11 Two/week In bed, during sleep
2 F 2 Porencephaly Focal FSE 8 Daily Cardiac arrest
3 F 0.8 Normal Multifocal FSE 3 2/year In bed, during sleep
4 F 0 Atrophy Multifocal FSE 2 4/year In bed, during sleep
5 M 0.6 Normal Generalized GSE 2 3/week In bed, during sleep
6 M 0.7 Normal Focal FSE 9 Daily In bed, during sleep
7 M 0.6 Normal Multifocal FSE 11 Daily In bed, during sleep
8 F 1.6 - Multifocal FSE 3 Daily In bed, during sleep
9 M 0.5 Atrophy Normal FSE 9 1/week Cardiac arrest
10 M 2 Mesiotempporal
sclerosis
Multifocal FSE 16 1/week In street, during a
seizure
11 M 1.6
Normal Focal FSE 18 3/week In street,
during a seizure
M: male; F: female; FSE: focal symptomatic epilepsy; GSE: generalized symptomatic epilepsy.
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onset of epilepsy, epilepsy syndrome, seizure frequency,
antiepileptic drug (AED) therapy, course of neurological abnor-
malities, electroencephalographic (EEG) ﬁndings, neuro imaging
ﬁndings, presence or absence of pets in homes of patients) were
collected. Excluded were cases in which the diagnosis of
epilepsy was uncertain. Families were contacted for elucidation
of the cause of death, and autopsies that had been accomplished
were revised. The etiology of epilepsy was classiﬁed as
symptomatic in case of known cause of the seizure, cryptogenic
in case the etiology was unknown, and as idiopathic in case
clinical and EEG ﬁndings were clearly related to an idiopathic
syndrome but the child did not present any developmental delay
or associated neurological condition. Patients with exclusively
febrile seizures or a single seizure were excluded from the study.
‘‘Deﬁnite’’ SUDEP was diagnosed according to published criteria
if a child with epilepsy and recurrent unprovoked seizures died
unexpectedly while in a reasonable state of health, if death occurred
suddenly during normal activities in benign circumstances, if no
obvious medical cause of death could be identiﬁed, or if death was
not directly caused by an epileptic state. SUDEP was considered
‘‘probable’’ in case all above-mentioned criteria were present, but
post-mortem data were not available. SUDEP was considered
‘‘possible’’ when conclusive and post-mortem data were lacking.6
3. Results
SUDEP was diagnosed in 11 of the 1092 patients included in this
study (1.01%). Clinical and demographic details of these 11 patients
are presented in Table 1. All 11 SUDEP patients had symptomatic
epilepsy (67% focal, 33% generalized) (Table 1). Almost all patients
had at least monthly seizures (81% of the cases) (Table 1).
According to their relatives, none of the patients had pets at home
at the time of death or during the years prior to SUDEP. Among the
1092 included patients, 665 (60%) had a pet in their family.
Excluding the 11 patients with SUDEP, who did not have a pet, the
frequency of pets in the control group was 61%.
4. Discussion
This study in children and adolescents with SUDEP shows that
pets were absent in all households or public surroundings when
SUDEP occurred. In contrast, the frequency of pets among those
who did not experience SUDEP was high. Whether the presence of
pets at the time of the critical deterioration of health would have
prevented the fatal outcome remains speculative.Generally, there is increasing evidence that dogs have a
beneﬁcial effect on their owners’ health by enhancing physical
activity, social contacts, or by providing an anti-depressive
effect.5 Additionally, service dogs have a positive inﬂuence on
the well-being, self-esteem, and community integration of
people with disabilities.1,2 Dogs may be preventive against
SUDEP by reducing stress and sympathetic responses.1 Stress is a
major risk factor for sudden cardiac death suggesting that stress
may also play a pathogenetic role in SUDEP. Stress in epilepsy
patients may originate from insufﬁcient seizure control,
emotional stress related to seizure frequency, deprivation and
stigmatization by the disease, AEDs or other drugs known to
increase the sympathetic tone, or from uncertainties about
future perspectives. Furthermore, dogs are reported to react to
medical emergencies of their owners like hypoglycemia,
ventricular ﬁbrillation, or subarachnoid hemorrhage.12 It has
been also reported that dogs are able to anticipate seizures of the
owners and to react to seizures by searching for help.4,9 Though
various speculations have been raised to explain SUDEP, its
pathogenetic background remains elusive.11 A possible patho-
mechanism to explain SUDEP is the development of a seizure-
triggered Takotsubo-syndrome.3 Absence of pets at the time of
SUDEP in any of the included patients could be explained by the
fact that the risk of SUDEP is highest in patients with severe
epilepsy not controlled by two or more AEDs or a low IQ,13
which may limit the ability of persons at risk for SUDEP to
have pets.
Limitations of the study were that it had a retrospective design,
that it was not assessed if the 11 SUDEP patients lived in a single
individual household or together with others, that potential
cardiac or pulmonary risk factors for SUDEP were not reviewed,
and that stress was not quantiﬁed.
In conclusion, pet-ownership is infrequent in SUDEP cases,
and living without a pet could be a potential risk factor for
SUDEP. There is a need to re-evaluate already published case-
control studies with respect to pet-ownership.8,10 The higher
frequency of pet-owners in controls compared to SUDEP
patients supports a possible protective role of pets against
SUDEP. A lower prevalence of SUDEP in pet-owners with
epilepsy living in single individual households than in non-
pet-owners living in single individual households would
emphasize that pets play a beneﬁcial role as supervisors of
epilepsy patients.
We conﬁrm that we have read the Journal’s position on issues
involved in ethical publication and afﬁrm that this report is
consistent with those guidelines.
V.C. Terra et al. / Seizure 21 (2012) 649–651 651Conﬂict of interest
None of the authors has any conﬂict of interest to disclose.
Acknowledgements
FAPESP, CInAPCe-FAPESP, CNPq and INCT/MCT for supporting
our studies.
References
1. Allen K, Blascovich J, Mendes WB. Cardiovascular reactivity and the presence of
pets, friends, and spouses: the truth about cats and dogs. Psychosomatic Medi-
cine 2002;64:727–39.
2. Allen K, Blascovich J. The value of service dogs for people with severe ambula-
tory disabilities. A randomized controlled trial. Journal of the American Medical
Association 1996;275:1001–6.
3. Finsterer J, Sto¨llberger C. Cardiopulmonary surveillance to prevent SUDEP.
Lancet Neurology 2009;8:131–2.
4. Kirton A, Wirrell E, Zhang J, Hamiwka L. Seizure-alerting and -response beha-
viors in dogs living with epileptic children. Neurology 2004;62:2303–5.5. McNicholas J, Gilbey A, Rennie A, Ahmedzai S, Dono J-A, Ormerod E. Pet
ownership and human health: a brief review of evidence and issues. British
Medical Journal 2005;331:1252–5.
6. Nashef L. Sudden unexpected death in epilepsy: terminology and deﬁnitions.
Epilepsia 1997;38:S6–8.
7. Scorza FA, de Albuquerque M, Arida RM, Cavalheiro EA. Sudden unexpected
death in epilepsy: are winter temperatures a new potential risk factor? Epilepsy
& Behavior 2007;10:509–10.
8. Sto¨llberger C, Wegner C, Finsterer J. Seizure-induced Takotsubo syndrome is
more frequent than reported. International Journal of Cardiology 2011;150:
359–60.
9. Strong V, Brown S, Huyton M, Coyle H. Effect of trained seizure alert dogs on
frequency of tonic–clonic seizures. Seizure 2002;11:402–5.
10. Tomson T, Nashef L, Ryvlin P. Sudden unexpected death in epilepsy: current
knowledge and future directions. Lancet Neurology 2008;7:1021–33.
11. Vlooswijk MC, Majoie HJ, De Krom MC, Tan IY, Aldenkamp AP. SUDEP in the
Netherlands: a retrospective study in a tertiary referral center. Seizure
2007;16:153–9.
12. Wells DL, Lawson SW, Siriwardena N. Canine responses to hypoglycaemia in
patients with type 1 diabetes. Journal of Alternative and Complementary Medicine
2008;14:1235–41.
13. Walczak TS, Leppik IE, D’Amelio M, Rarick J, So E, Ahman P, et al. Incidence and
risk factors in sudden unexpected death in epilepsy: a prospective cohort study.
Neurology 2001;56:519–25.
